It has long been known that patients on dialysis are sedentary controls. debilitated [1, 2] and report low levels of physical func-Background. Patients on dialysis have reduced exercise tol-Key words: end-stage renal disease, exercise, mortality and physical inactivity, dialysis, nutrition, uremic muscle.
tioning on questionnaires [3] . Anemia was believed to erance compared with age-matched sedentary controls. The be an important reason for the reduced functional capacreasons for this debility have not been fully elucidated, but ity of these patients, and improvements were noted after physical inactivity could be a contributing factor. The purpose of the current study was to determine whether patients on the introduction of recombinant erythropoietin [4, 5] .
hemodialysis are less active than healthy sedentary controls However, erythropoietin treatment does not restore exand to explore clinical correlates of physical activity level in a ercise capacity to normal levels in dialysis patients [6] [7] [8] .
group of hemodialysis patients.
It is now apparent that a muscle defect accounts for at Methods. Thirty-four hemodialysis patients and 80 healthy sedentary individuals participated in the study. Physical activity least a part of the reduced physical functioning in this was measured for seven days with a three-dimensional accelergroup [9, 10] . The exact nature of the muscle defect is ometer and with an activity questionnaire.
not clear, but morphologic studies have shown changes
Results. Vector magnitude values from the accelerometer in uremic muscle that are consistent with atrophy [9, 11] .
for the dialysis and control subjects were 104,718 Ϯ 9631 and Inactivity is a common cause of muscle atrophy and 161,255 Ϯ 6792 arbitrary units per day, respectively (P Ͻ 0.0001, mean Ϯ SEM). The estimated energy expenditure values decould be a contributing factor to the muscle abnormalirived from the questionnaire were 33.6 Ϯ 0.5 kcal/kg/day and ties and reduced functional status of the dialysis popula-36.2 Ϯ 0.5 kcal/kg/day (P ϭ 0.002). The difference between tion. Alternatively, uremia itself or hormonal abnormalipatients on dialysis and controls increased with advancing age. ties associated with uremia, such as hyperparathyroidism Among the dialysis subjects, some measures of nutritional status correlated with physical activity level, including serum albu-or resistance to growth hormone, may result in muscle min concentration (r ϭ 0.58, P ϭ 0.003), serum creatinine atrophy and may thus contribute to inactivity. However, concentration (r ϭ 0.37, P ϭ 0.03), and phase angle derived few studies of physical activity have been performed in from bioelectrical impedance analysis (r ϭ 0.40, P ϭ 0.02).
the end-stage renal disease (ESRD) population. Infor-Conclusions. Patients on hemodialysis are less active than mation about physical activity levels could be important healthy sedentary controls, and this difference is more pronounced among older individuals. There is an association befor identifying patients in need of physical therapy or tween the level of physical activity and nutritional status among other interventions designed to increase mobility. Morepatients on dialysis. These findings are of great concern, given over, if levels of physical activity are low in dialysis pathe trend toward increasing age in incident dialysis patients and tients or in a subset of patients, raising activity levels the well-known association between inactivity and increased mortality in the general population. could be beneficial since it is well established that increasing physical activity reduces the risk of cardiovascular disease in the general population [12] .
The major goals of the study were to measure physical activity levels in patients on dialysis and to compare these levels with healthy sedentary controls. We also even in comparison with sedentary non-ESRD populations. We also hypothesized that physical activity would be directly related to the patients' nutritional status (as were returned after seven days. Prior to analysis, the accelerometer data and diaries were inspected to ensure indicated by laboratory surrogates, such as serum albumin and creatinine concentrations) and body composi-that there were no obvious errors (for example, failure to acquire data and forgetting to wear the accelerometer). tion [for example, lean body mass by dual-energy x-ray absorptiometry (DXA)].
Days with missing accelerometry data were not included in the calculations, and subjects with fewer than five days of analyzable data were not included in the analysis METHODS because recent reports suggest that variability increases Study subjects when data are collected over fewer than five days (abstract; Gretebeck, Med Sci Sports Exerc 23:S601, 1991). Thirty-four men and women undergoing hemodialysis at the outpatient hemodialysis units at San Francisco
The vector magnitude data were summed over the period and expressed as a daily average (arbitrary units). General Hospital and UCSF-Mount Zion Medical Center were recruited for study participation. Subjects living
Questionnaire. The seven-day recall questionnaire (7-d RQ) is a self-reported recall questionnaire [19, 20] , in a nursing home and subjects hospitalized within the three months prior to study enrollment were excluded administered by an interviewer, that collects information about the time spent performing various levels of activity from participation. The physical activity level was not a criterion for inclusion or exclusion of the dialysis partici-during the previous seven days. A metabolic equivalent (MET) value is assigned to sleep and four levels of physi-pants. Eighty healthy sedentary controls were recruited from the community. These subjects were classified as cal activity (light, moderate, hard, and very hard). Caloric expenditure is then estimated from the MET values sedentary based on self-reported participation in no more than one formal exercise session per week for at [19, 20] . Thus, physical activity estimated with this instrument is reported as kcal/kg/day. This questionnaire has least the previous three months. However, subjects were required to be generally healthy with no physical limita-been validated against a variety of other techniques, including doubly labeled water [21], heart rate monitor-tions to activity and no medical diagnoses limiting recommended activity. Portions of the control data have been ing [20, 22] , changes in maximal oxygen uptake [20] , and accelerometry [18, 23] . reported previously [13, 14] . All subjects gave informed consent for study participation, and the study was ap-Other measurements. Hemodialysis patients underwent evaluation in the General Clinical Research Center proved by the Committee on Human Research at the University of California, San Francisco, USA.
at San Francisco General Hospital on a nondialysis day not more than 24 hours after a dialysis session. Evalua-Study measurements tion included a review of recent (within four weeks) blood tests, including predialysis blood urea nitrogen Accelerometry. The TriTrac-R3D (Professional Products, Madison, WI, USA) activity monitor was used to (BUN), creatinine, albumin, cholesterol, ferritin, and hematocrit. In addition, patients underwent body composi-measure activity in all subjects. The TriTrac is a batterypowered, three-dimensional accelerometer and repre-tion testing using a single-frequency bioelectrical impedance analysis (BIA; RJL Systems, Clinton Twp., MI, sents the latest generation of motion detectors. The instrument is worn around the waist and measures motion USA) and dual-energy x-ray absorptiometry (DXA; Lunar, Madison, WI, USA). The phase angle was calculated as acceleration of the body. The frequency, duration, and intensity of movement are reflected in the instrument's from BIA data as the arctangent of the ratio of resistance to reactance multiplied by a constant to convert radians output [15] . Data can be expressed in "raw units" of integrated acceleration in the x, y, or z axis or as a net to degrees. vector magnitude. Validity for this and similar instru-Statistical analysis ments has been reported recently [15] [16] [17] [18] .
The TriTrac data were acquired continuously and av-Group data are presented as mean Ϯ SEM, unless otherwise noted. Baseline characteristics of patients on eraged over one-minute periods as described previously [13] . Subjects were instructed to wear the accelerometer hemodialysis and control subjects were compared using t-tests and chi-square testing where appropriate. Differ-continuously during waking hours for seven days, except when it would become wet, such as during bathing or ences between dialysis patients and controls in accelerometry and questionnaire data were analyzed by unpaired swimming. To ensure that measurement periods were typical of weekly activity patterns, data were not ac-t-test and by forward stepwise multivariable linear regression analysis. Candidate covariates included in the regres-quired during holidays, vacations, or periods of acute illness. Subjects were asked to maintain their typical sion model were age, body mass index (BMI; kg/m 2 ), gender, dialysis status, number of comorbid conditions, and weekly schedules. They were also instructed to keep a simple activity diary that was used as a qualitative control interaction terms for dialysis and age and dialysis and BMI. Squared terms for age and BMI were also included for the accelerometer. The activity monitor and diaries as candidate covariates to allow for the possibility of a nonlinear relationship between these variables and physical activity. The results of accelerometry and activity questionnaires were compared using the Pearson product-moment correlation. Univariate and multivariable analyses were also used to assess the relationship between activity level and clinical variables in patients on dialysis. Statistical significance for all analyses was established when a two-tailed P value was less than 0.05. All analyses were performed using STATISTICA software (StatSoft Inc., Tulsa, OK, USA).
RESULTS
Characteristics of study subjects are presented in Ta- the groups. Dialysis patients received dialysis three times weekly using polysulfone dialyzers and bicarbonate dialysate. Thirty patients (88%) had hypertension. Eleven (32%) had diabetes. Six (18%) had known coronary ity as well (33.6 Ϯ 0.5 kcal/kg/day vs. 36.2 Ϯ 0.5 kcal/kg/ day, P ϭ 0.002; Fig. 2 ). There was a significant correlation artery disease. Two (6%) had a history of stroke, and three (9%) had a history of peripheral vascular disease.
between the results of the 7-d RQ and of accelerometry in the hemodialysis patients (r ϭ 0.57, P ϭ 0.002). The Patients had an average Kt/V of 1.3 Ϯ 0.06 and had been on dialysis for an average of 2.4 Ϯ 0.4 years.
correlation was weaker in control subjects and did not reach statistical significance (r ϭ 0.23, P ϭ 0.09). In both The raw accelerometry results are shown in Figure 1 . The average vector magnitude in the dialysis subjects groups, the range was narrower for the 7-d RQ than for accelerometry ( Fig. 2) . was 104,718 Ϯ 9631 compared with 161,255 Ϯ 6792 for the controls (P Ͻ 0.0001). Thus, patients on dialysis are Figure 1 shows that there is substantial variability in activity levels in both groups and a considerable overlap approximately 35% less active than sedentary healthy individuals (95% CI, 20 to 50%). Exclusion of dialysis among the members of the dialysis group and the control subjects. The overlap in activity levels between groups subjects with history of stroke or peripheral vascular disease or exclusion of those with diabetes does not alter reflects primarily the wide age ranges in each group, with some young hemodialysis patients being more active these results substantively.
Twenty-six dialysis patients and 55 controls also com-than older sedentary controls (data not shown). To characterize further the difference between the groups and to pleted the 7-d RQ. The dialysis patients' scores were significantly lower than controls on this measure of activ-determine the predictors of activity level, multivariable Abbreviations are: BMI, body mass index; LBM, lean body mass by dualenergy x-ray absorptiometry. The overall r for the model is 0.89 (r 2 ϭ 0.80).
Fig. 3. Estimated effects of age and dialysis status on physical activity
The coefficients represent the change in activity level per unit change in the level. Each curve represents the activity level predicted by the multivarivariable. For example, according to the linear regression analysis, there is a 1526 able regression analysis for a male with a BMI of 23 kg/m 2 . Symbols arbitrary unit decrease in physical activity per year of age. Similarly, the decrease in activity corresponding to a 1 kg/m 2 increase in BMI is Ϫ5248 arbitrary units. are: (᭹) predicted activity for a hemodialysis patient; (᭡) predicted activity for a healthy sedentary control. sis patients included serum albumin concentration (r ϭ regression analysis was performed for the pooled hemo-0.58, P ϭ 0.003), phase angle (r ϭ 0.40, P ϭ 0.02), and dialysis and control groups using accelerometry results serum creatinine concentration (r ϭ 0.37, P ϭ 0.03). Of as the dependent variable. Results are shown in Table 2 .
note, there was no significant association between the In our analysis, the dialysis-age interaction term, age, activity level and BMI, predialysis BUN, Kt/V, ferritin, and (age) 2 were important predictors of activity level, hematocrit, or lean body mass measured by DXA. On as measured by accelerometry. Overall, activity levels multivariable analysis, the significant predictors of activdeclined with age, but this decline was considerably more rapid for patients on dialysis than for sedentary controls.
ity level included BMI, age, albumin, hematocrit, and Figure 3 illustrates this interaction between age and diallean body mass by DXA (Table 4 ). In addition, there ysis using a male with a BMI of 23 kg/m 2 as an example.
was a trend toward an association of cholesterol and At age 30, predicted activity would be 15% lower for a Kt/V with physical activity in the multivariable analysis. patient with these characteristics on dialysis than for a sedentary healthy subject. However, at age 70, a man DISCUSSION on dialysis would be predicted to be 57% less active than
The results of this study demonstrate that hemodialya sedentary man without ESRD. sis patients are less active than healthy sedentary individ-To further examine the predictors of physical activity uals. The difference in activity levels between hemodialylevel among the patients on dialysis, univariate and sis patients and healthy sedentary controls is robust and multivariable regression analyses were performed, and can be detected by accelerometry and by questionnaire. the results are displayed in Tables 3 and 4, respectively. While it may not seem surprising that dialysis patients On univariate analysis, the physical activity level was are more sedentary than healthy controls, several points inversely correlated with age. Additional variables that were associated with physical activity level in hemodialy-deserve emphasis. First, the control group is a sedentary control group rather than an active group or even a group patients may reduce their levels of physical activity during the pre-ESRD phase of renal failure because of the chosen without regard to activity level. Second, the difference between dialysis patients and controls increases effects of uremia on muscle function and fatigue, and may not increase activity back to baseline levels after with advancing age. Since the average age at initiation of dialysis has been steadily increasing in recent years dialysis is initiated. Alternatively, the dialysis procedure itself could contribute to low levels of physical activity (now Ͼ61 years of age), the "activity gap" between hemodialysis patients and healthy sedentary persons may since many patients complain of fatigue following dialysis sessions. It is possible that comorbid conditions re-be widening. Finally, several indices of nutritional status correlate with physical activity among patients on dialysis.
sult in inactivity in patients on dialysis. However, since the number of comorbid conditions did not enter into The use of accelerometers to measure physical activity in this population is novel. Accelerometer output pro-the model as a predictor of activity either in the combined group or in the group of dialysis patients, this is vides an objective means of recording physical activity under usual living conditions. However, there are some unlikely to fully explain the lower level of physical activity in the dialysis patients. Finally, inactivity in hemodial-limitations to the use of accelerometry. First, accelerometers cannot be used to measure activity during swim-ysis patients could be related to other factors such as anemia, bone disease, or nutritional status. ming or bathing. Second, subjects may not remember to wear the accelerometer on some days during the obser-
The dialysis patients' physical activity level was associated with several nutritional markers, including serum vation period. Fortunately, the use of activity logs and an examination of accelerometer output allow detection albumin concentration, serum creatinine concentration, and phase angle in univariate analysis, and serum albu-of this problem when it occurs. A third limitation relates to the use of accelerometer data to estimate energy ex-min concentration and lean body mass in multivariable analysis. The relationship between serum albumin and penditure. While the correlation between three-dimensional accelerometer output and energy expenditure has activity level was particularly strong and was present even after adjustment for age, BMI, and other covariates. been reported to be high [16] , accelerometers may underestimate energy expenditure during certain activities
The association between activity level and these markers of nutritional status is especially interesting since low such as walking or running on a grade or walking while carrying heavy objects [16] . In addition, the equations albumin, low creatinine, and low phase angle have all been associated with increased mortality in the dialysis used to estimate energy expenditure were derived from young healthy volunteers and did not include patients population [24, 25] , and low physical activity is associated with increased mortality in the general population [12] . with ESRD. For these reasons, the direct accelerometer output was reported in this study rather than the esti-It is possible that poor nutritional status leads to higher mortality at least partly via reductions in physical activity mated energy expenditure.
The results of the 7-d RQ further highlight the use-level. On the other hand, reduced physical activity and evidence of poor nutritional status both may be markers fulness of accelerometry and suggest a need for specialized activity questionnaires for use in inactive popula-of a generally less healthy state that leads to higher mortality. tions. Generic activity questionnaires such as the 7-d RQ are designed for use in healthy populations and may Further support for the influence of nutrition on physical activity in patients on dialysis may come from the lack be less sensitive to differences at the lower end of the spectrum of activity. Specifically, the 7-d RQ does not of a significant association between BMI and physical activity in univariate analysis despite the highly signifi-record directly the amount of time spent performing light activity such as housework. Instead, all time not cant negative association after adjustment for nutritional variables. This discrepancy raises the possibility that spent sleeping or performing activity of higher intensity is recorded as time spent performing light activity. This there are competing associations between BMI and physical activity among patients on dialysis. Reduced physical method of scoring might blur distinctions between relatively inactive groups since different levels of light activ-activity is associated with increased BMI (and increased body fat), as shown by the strong negative association ity (for example, light housework vs. sitting activities) cannot be distinguished. The distribution of results in in multivariable analysis. However, high BMI may also reflect better nutritional status and increased lean body Figure 2 supports this potential "floor effect," since many patients and control subjects cluster at the low end of mass, which could, in turn, lead to increased physical activity. The influence of nutrition on BMI may therefore the range of responses.
There are many potential causes of reduced physical have weakened the association between BMI and physical activity in univariate analysis, because there was no activity in patients on dialysis. Decreased physical activity could be a consequence of uremia, but the lack of a adjustment for nutritional status. This potential explanation is compatible with recent reports that increased BMI significant association between activity level and Kt/V makes uremia alone a less likely explanation. However, is associated with improved survival in patients on dial- there is reason for concern about the low level of physical To our knowledge, this study is the first to objectively
